This study investigated the presence of norovirus (NoV) GI and GII in environmental samples from the northern region of Brazil. Water samples were collected monthly (November 2008/October 2010 from different sources and sewage and concentrated by the adsorption-elution method. The NoV investigation used molecular methods followed by sequencing reactions. The general positivity for NoV was 33.9% (57/168). Considering the results obtained only in the semi-nested RT-PCR (reverse transcription polymerase chain reaction) and only in the TaqMan ® real-time PCR, the rates were 26.8% (45/168) and 27.4% (46/168), respectively, being for NoV GI 22.2% (10/45) and 19.6% (9/46); for GII 17.8% (8/45) and 15.2% (7/46); and for GI þ GII 60% (27/45) and 65.2% (30/46), respectively.
INTRODUCTION
Enteric viruses possess specific characteristics that allow them to be easily found in aquatic ecosystems and wastewater, including high shedding in faeces and resistance to adverse environmental factors such as pH, temperature, and sunlight.
Their persistence in different aquatic environments also depends on the viral composition, such as the protein capsid structure and the viral RNA or DNA genome, and the ability of the virus to attach to suspended solids (Fong & Lipp ) . NoVs are divided into seven genogroups based on VP1 amino acid identity (G); of these, GI, GII and GIV are associated with human infections (Vinjé ) . NoV GII is the most prevalent and is usually associated with AGE outbreaks (Matthews et al. ). However, GI has been detected with a higher positivity than GII in some environmental studies (Kitajima et NoV-positive samples were characterized using molecular methods, and the positivity rate was correlated with rainfall data to verify possible NoV seasonality during the study period.
MATERIAL AND METHODS

Study area
Surface water (n ¼ 120), untreated sewage (n ¼ 24) and treated water (n ¼ 24) samples were collected once a month from November 2008 to October 2010 from seven collection points in Belém city (Figure 1 ), capital of Pará state, located in the Amazon region, northern Brazil. Belém presents a well-defined tropical rainforest climate that is divided into two annual seasons: an intensive rainy season (December to June) with the average rainfall ranging from 145 to 379 mm (average 283.7 mm, with peaks of 500 mm in some months), and a season with a lower intensity of rain 
NoV detection
The 
NoV molecular characterization
NoV-positive samples were directly sequenced using primers targeting the 5 0 ORF2 region (COG1F/G1SKR and COG2F/ G2SKR) as previously described ( respectively. Among the GI strains, GI.8 was the most frequent (n ¼ 7), followed by GI.4 (n ¼ 2), GI.1 (n¼ 1) and GI.7 (n ¼ 1) (Table 2, Figure 3 ). Five genotypes were detected among the NoV GII strains, with GII.4 (n¼ 8) the most prevalent, followed by GII.6 (n ¼ 2), GII.9 (n ¼ 2), GII.12 (n ¼ 1) and GII.14 (n ¼ 1) (Table 2, Figure 4 ).
DISCUSSION
The present study investigated the dissemination of NoV GI and GII in different water bodies in the Amazon region, However, to process large volumes specific instrumental apparatus is necessary which is not cost-effective for viral detection and monitoring. The treatment process applied on the WTP is composed for fast mixture, flocculation, sedimentation, filtration, disinfection, pH correction and fluoridation. Unfortunately, the interference from inhibitors was not evaluated in this study and this can be considered Although the analysis complemented and provided more robustness to the results (even though it was qualitative), this fact could represent a limitation of this research.
The viral concentration recovery rates are very important because they allow the evaluation of efficiency of the Primers targeting the 5 0 ORF2 region of the NoV genome were used to genotype the positive samples in this study, with genotypes GI.8 (n ¼ 7) and GII.4 (n ¼ 8) being the most prevalent. GI.8 was detected in three of the seven collection points: river (n ¼ 1), impacted stream (n ¼ 2) and untreated sewage (n ¼ 4). GI.8 was identified in sporadic human cases that occurred in 1995 in a day care centre in Rio de Janeiro, 
CONCLUSIONS
The results obtained in this study are important due to the lack of research on the detection of enteric viruses in aquatic environments in the Amazon region. Our results demonstrated the widespread dissemination of several NoV genotypes in surface water and raw sewage. Furthermore, this study highlights the need to investigate viral indicators to assess the microbiological safety of water and the potential risk for the population.
